Webster 535 phase has a plausible explanation in both surviving cases. In Case (2) the disk material will sometimes be predominantly illuminated on the leading side of the primary and sometimes on the trailing side. If a 67 min flux maximum corresponds to a predominant illumination of the near side of the inner disk, then a quasisinusoidal correlation is expected in Figure 3 , with eclipses being earlier on the rise to 67 min maxima and later on the descent to minima. At the time of eclipse the relative transverse velocity of the two stellar components will be about 500 km s" 1 (Gilliland 1982) . Thus a 40 s eclipse time difference corresponds, within a factor of two, to a 20 000 km lateral shift in the inner disk region of dominant illumination. If the primary is a 1.4 ±0.2 M Q white dwarf its radius will be less than 5000 km. Sherrington et al. (1980) deduce that the disk in EX Hya must extend down relatively close to the primary. Hence a lateral shift of the magnitude inferred here is not unreasonable and this explanation is quantitatively feasible.
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To produce the Figure 3 correlation in Case (3) one would need a luminosity variation across the dense hot spot caused by a lateral gradient in the illuminating X-ray flux. Such a gradient would induce a larger luminosity towards the trailing edge of the hot spot when the plane of maximum X-ray illumination was approaching the hot spot. Thus earlier eclipses would occur on the rise to a 67 min maximum. The region of larger luminosity would then shift towards the leading edge of the hot spot, after the passage of the plane of maximum X-ray illumination through this hot spot, and thus give later eclipses. We examined a simple model of this situation, assuming a linear luminosity gradient across the hot spot region. This model suggested that the observed 40 s shift of the eclipses is an order of magnitude larger than can be expected from the likely luminosity gradient. Thus this explanation does not appear quantitatively feasible.
A final decision between Case (2) and Case (3) remains difficult, though the simple absence of a 40 min periodicity in any data may be taken as an argument against Case (3). A further argument against Case (3) is that the V/R emission-line asymmetry data of Gilliland (1982) has a 33.6 min component in addition to the orbital one. Such a component is not expected in Case (3), but a 67 min component is expected in Case (2) if there is only one illuminating pole of the primary involved. If there is also a second weaker illumination from the other pole of the primary, it may be possible to get a 33.6 min V/R component in Case (2) while still retaining the observed 67 min modulation in the emission line strengths.
Introduction
The galactic nuclear bulge is a well defined population, but it is one that is relatively difficult to study in detail because its members never stray into the solar vicinity and they are both distant and obscured. Mould (1982) has summarized much of our knowledge of the masses and composition of stars in the bulge. The red giants resemble those in metal-rich old open clusters and the late M giants are either younger than galactic globular clusters or super-metal-rich or both. Whitford and Rich (1983) have demonstrated the existence of K-giants that are super-metal-rich in iron and Wood and Bessell (1983) have interpreted the properties of a sample of long period variables in the bulge as those of a young, super-metal-rich population.
It is well known that the planetary nebulae are strongly concentrated to the galactic centre direction and therefore contain galactic bulge members. Although they are much rarer than late-type giants their bright emission-line spectra enable abundances, especially of oxygen, to be found without too much trouble (Webster 1976 , Price 1981 . A further advantage of studying planetaries is that while O/H is essentially unchanged during the evolution of the envelope of the parent star up to the ejection phase, nitrogen is enhanced by a factor of two on the red giant branch and, in stars with masses over 3 solar masses, by large amounts on the asymptotic giant branch Proc. ASA 5 (4) 1984 (Renzini and Voli 1981) . Thus O/H gives the primordial abundance while N/H indicates whether the star had an original mass above 3 solar masses. While more difficult to measure and interpret, the C/H ratio can also be found and bears on convection during thermal flashes, the theory of which has not yet been fully detailed.
This note describes the result of an observational study of sixty-five galactic bulge planetary nebulae. The oxygen abundance and proportion of higher mass stars are summarized next and then the results on the carbon abundances are presented.
Oxygen Abundances and the Mass Distribution
Sixty-five planetary nebulae in the direction of the galactic bulge were observed with the image-dissector-scanner on the Boiler and Chivens spectrograph on the Anglo-Australian Telescope. Objects with small diameters were selected to minimize contamination from foreground disk planetaries and the resulting sample contains objects which are more luminous than the average field nebula. The spectral scans were corrected for atmospheric and instrumental transmission and line intensities were derived from profile fitting on the AAO Interdata. Full details of the line intensities and abundance analysis are being presented elsewhere (Webster 1984) , but are summarized here so that the general properties of the bulge planetaries can be used to assess the significance of the carbon abundances.
In about forty of the objects the electron temperature could be found from the relative intensities of either [O III] 5007 + 4959/4363 or [Nil] 6584 + 6548/5755. The oxygen abundance could then be calculated from the ionic abundances of 0 + + + 0 + and an ionization correction of (He + + + He + )/He + + . Most of the objects had an O/H close to Orion (or an approximately solar value). One was oxygen deficient by a factor of ten and presumably belongs to the halo population. Four (including the additional object discussed by Price 1981) were super-oxygen-rich, with apparent abundances between 2 and 10 times solar. This is about 10% of the planetaries studied. Whitford and Rich (1983) found a larger percentage of K giants that were super-iron-rich, but the relationship between iron and oxygen enrichment and the effect of abundance on the existence of a planetary nebula will affect these percentages.
The fraction of stars with masses above 3 solar masses can be estimated from the number of type I planetary nebulae (Peimbert 1976 , Greig 1971 , 1972 . These objects are nitrogen and helium enhanced and generally have easily identified spectra with strong lines of Hell and [N II]. There are six type I planetary nebulae in our sample of sixty-five, of which one has a high velocity and another a high galactic latitude. The latter two are certainly believed to be bulge rather than disk members, even though we cannot be sure that the other four are. The percentage of type I planetaries in the field is 10 to 30% (Peimbert and Torres-Peimbert 1983 ) so the percentage of 3 to 10% in the bulge is lower, but this is the first time, apart possibly for the long period variables, that any such high mass mass objects have been shown to be associated with the nuclear bulge.
Carbon Abundances
Carbon is believed to be enriched in the outer layers of a star (1) (2) (3) (4) (5) (6)
to the south (S).
Designation in Perek and Kohoutek (1967) . Two positions in 2-4°2 were measured, one in the centre (C) and one Intensity of CIIX4267 corrected for reddening, relative to H6 = 100. Central star temperature in K or He ++ /HeEstimate of reddening from Ha/H8 r a t i o . Carbon abundance (see t e x t ) . Excitation class on the Feast (1968) system. Remarks: 1. Spectrum shows a fairly strong continuum and emission lines from the X4640 complex, possibly from a central s t a r . 2. X4267 comes from both centre and edge of nebula. I t appears as sharp as the nebular lines at intermediate spectral resolution (Webster, 1976) .
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during the third convective dredge-up stage which occurs during thermal pulses on the asymptotic giant branch (Becker and Iben 1980, Renzini and Voli 1981) . The prediction that C/O should become strongly enhanced as He/H increases has not been borne out by observations (Kaler 1981 ), but it is not clear whether this is caused by carbon being bound in molecules or grains, by selection or ionization problems or by deficiencies in the theory. Thermal pulses have not appeared in any theoretical calculations of the AGB evolution of low mass stars Renzini 1983, Lattanzio 1984) , despite the existence of solar mass carbon stars. It would therefore be interesting to know if any bulge planetaries have high carbon abundances since as we have seen they come from stars that are closer to a pure solar mass sample than do the disk planetaries. Seven planetaries out of our program show the permitted line CII 4267, though it is generally weak and noisy. Carbon abundances obtained from the ultraviolet lines, taking into account dielectronic recombination and absorption of resonance lines by internal dust, are reasonably consistent with the carbon abundances derived from accurate measurements of CII 4267 assuming it is a pure recombination line (Seaton 1983) , although there is still some residual doubt about the part played by fluorescence (but see Grandi 1976) . It therefore seems reasonable to follow the procedures laid down by Kaler (1981 Kaler ( ,1983 ) which also provides a fine sample of carbon abundances in disk planetaries for comparison. The analysis assumes that CII 4267 is a pure recombination line and that most of the carbon is in the gas phase (see Shields 1983) . Empirical formulae relating the strength of CII 4267 and either He + + /He or the central star temperature to the total C/H ratio are given by Kaler (1983) .
In Table 1 all the planetaries with detectable CII 4267 are listed and the C/H ratios are calculated for four of them. The observational error is about 40% in each case. The C/H ratios may be compared with those found in the same way by Kaler (1981) : 10 4 (C/H) = 10.4 ±5.3 for 6 low excitation objects, 10 4 (C/H) = 2.9 ±0.4 for 35 medium excitation objects. The disk abundances range from 0.55 to 60. Thus the few galactic bulge planetaries in which it is measured have (through selection and possibly overestimates of the line strengths) C/H ratios that are higher than average but well below the maximum C/H ratios found in the disk objects. The list in Table 1 is intended primarily as a source of planetaries for further observations, particularly in the ultraviolet in which the CIII and CIV lines can be analysed to obtain carbon abundances.
Summary
Planetary nebulae in the galactic bulge come from a population of stars that are predominantly of solar oxygen abundance and with masses less than 3 solar masses. There is a small proportion of oxygen deficient (halo) and super-oxygen-rich objects and also a small fraction of more massive objects. In a few nebulae the carbon is significantly greater than the average value in disk planetaries and these objects would warrant further study because of their relevance to theories of carbon enrichment on the asymptotic giant branch.
